recording devices published a series of papers documenting vaccine storage problems (Dickson Corporation, 2(07) . Incidents of temperature excursions outside the acceptable range and malfunction of refrigerators and freezers were cited.
Studies have indicated several deficits regarding vaccine storage. A general lack of knowledge exists about the proper temperature ranges for refrigerators and freezers (Grasso et al., 1999; Jeremijenko et al., 1996; Woodyard et al., 1995; Yuan et al., 1995) . Few temperature records or written instructions are available for clinic staff (Bell et al., 2001; Bishai et al., 2001; Grasso et a1.; Haworth et al., 1993; Woodyard et a1. ; Yuan et a1.) . Properly calibrated installed thermometers are lacking (Bell et a1.; Gazmararian et al., 2002; Grasso et al.; Jeremijenko et al.; Woodyard et al.; Yuan et al.) , Often, respons ible coordinators and alternate staff have not been assigned (Woodyard et al.; Yuan et al.) . A knowledge deficit exists regarding proper handling of vaccines (Bell et al.; Bishai et al.; Grasso et al.; Jeremijenko et al.; Woodyard et al.: Yuan et a1. ) . Although the cold chain between manufacture and administration has been broken (Bell et al.; Bishai et al.: Grasso et al.; Woodyard et a1. ; Yuan et al.) , education appears to improve adherence to proper storage and handling (Bell et al; Jeremijenko et al.) ,
In a World Health Organization study, Galazka, Milstien , and Zaffran (1998) reported that "some vaccines can withstand a long period of exposure without a significant loss of potency" (p. 48) . But, "each exposure to ambient temperature has a cumulative impact on vaccine potency" (pp. 48-49) . If a vaccine is not refrigerated or frozen or is exposed to temperatures outside the normal storage range, it may retain potency but repeated exposures will render it impotent. All vaccines, except varicella and measles, mumps , and rubella (MMR), are destroyed if the temperature is below freezing .
To provide health care workers with information and support, the National Immunization Program of the Centers for Disease Control and Prevention has published standards for vaccine storage and handling in an online toolkit (Centers for Disease Control and Prevention, 2007; Sidebar) .
MAINTAINING THE COLD CHAIN
A plan that includes staff, equipment, and efficient management procedures can increase the likelihood of cold chain maintenance and viable vaccine for clients. In general, occupational health clinics should consider five standards. All five ensure that staff function at peak efficiency and know how to respond to an emergen-
Standards for Vaccine Handling and Storage
• Vaccines must be stored properly from manufacture to administration (maintaining the "cold chain").
• Primary and alternate personnel should be designated to manageall aspects of vaccine handling and storage.
• Written instructions for the proper handling and storage of vaccines should be readily available to all personnel.
• Temperature logs must be maintained for all refrigerators and freezers storing vaccinesand temperatures must be recorded twice daily.
• Each refrigerator and freezer must have a dedicated thermometer.
• Vaccines must not be stored on door shelves.
• No food, drink, or clinical specimens can be kept in "vaccine" refrigerators or freezers.
• Refrigerator temperatures must be maintained between 35°F and 46°F (i.e., 2°C and 8°C) and freezer temperatures at ,;;; +5°F (i.e., ,;;; -15°C) for varicella vaccine.
• Vaccine inventoryand usage logs must be retained for 3 years.
cy and equipment adheres to existing professional standards.
Standard 1-The Vaccine Storage Unit
Occupational health clinics must carefully select a refrigeration unit. The unit must have a distinct freezer compartment with a separate exterior door. Standalone refrigerators and freezers are acceptable. Small, dormitory-style units are not acceptable. The unit should be large enough to hold a 12-month inventory of vaccine used in the clinic. A full-size combination refrigerator-freezer sold for household use is acceptable as long as each compartment has its own door.
The refrigeration unit must be managed and maintained. The door should be checked daily at the close of business to ensure that it is properly sealed and no leaks exist. The unit should be self-defrosting or defrosted monthly to maintain top efficiency. The surrounding area should be kept clean and dust free. Preventive maintenance checks should be scheduled at least annually to minimize the potential for breakdowns. Breakdowns must be reported to management immediately. The refrigerator and freez-278 er should be dedicated to the storage of vaccines and must not contain food, beverages, or laboratory specimens.
Standard 2-The Calibrated Thermometer
Once the refrigerator and freezer have been selected, a thermometer must be selected. A thermometer certified and calibrated by an appropriate agency such as the National Institute for Standards and Technology or the American Society for Testing and Materials is needed to ensure proper temperatures are maintained in the refrigerator and freezer compartments. A variety of thermometers, including digital thermometers, minimum-maximum thermometers, chart recording thermometers, continuous recording units, and fluid-filled units, are acceptable. Some thermometers are priced from several hundred to more than $1,000, but most are less than $100. Digital thermometers with probes are easy to read. Thermometer probes should be placed in the middle of the compartment for accurate readings.
Mercury minimum-maximum thermometers record the highest and lowest temperatures since the unit was last checked and the temperatures were recorded. Although they are more expensive, mercury minimum-maximum thermometers detect night and weekend power interruptions.
Standard 3-Safe Vaccine Storage Temperatures
A thermometer must be installed in each vaccine storage compartment and temperatures documented at least twice daily. This should be the primary responsibility of a designated vaccine coordinator. Vaccine and the thermometer probe should be placed near the center of the refrigerator or freezer compartment, as this is where it is normally the coldest. The thermometer will measure the ambient temperatures close to the vaccine vials. Vaccine should never be placed on door shelves. The acceptable temperatures are between 2°C and goC (i.e., 35°F and 46°F) for the refrigerator and -15°C (i.e., +5°F) or colder for the freezer.
If a digital thermometer is being used, the probe should be placed inside the packaging of one of the vaccine boxes. Vaccine vials should remain in their original boxes to protect vaccine from light.
Temperature logs should be posted on all storage units. Temperatures should be recorded twice daily-first thing in the morning and at the end of the day. All logs must be retained for 3 years. Immediate corrective action must be taken if a temperature is out of the acceptable range. If the problem cannot be corrected quickly enough to maintain the internal temperature of the vaccine vials within the recommended range, the clinic must activate the vaccine emergency storage plan and relocate all vaccine. Vaccine cannot remain in a nonfunctioning unit for an extended period. A vaccine storage troubleshooting record must be completed, noting the date, time, and nature of the problem, the unit involved, and the action taken.
If vaccine must be transported to another location, a properly insu-lated container must be used. Varicella vaccine must be transported with dry ice or other suitable frozen packs (minimum temperature, +soF or -IS°C). For all other vaccines, enough frozen packs must be used to maintain the cold chain in the 3soF to 46°F range, verified by using a certified thermometer during transport. Paper or bubble wrap must always be used between the vaccine and the frozen packs, and the vaccine should remain in its original box to ensure easier identification.
To maintain temperature, a sign can be posted on the unit reminding staff to open the door only when necessary and to close the door as soon as possible. "Do Not Disconnect" notices should be posted at both the electrical outlet and the power panel circuit breaker. When the unit is being defrosted or cleaned, the vaccines must be placed in a second unit or a precooled insulated cooler. Ice packs in the freezer and water jugs in the refrigerator provide mass and promote temperature stability. Limiting the number of times the door is opened, keeping cold temperatures in, and limiting vaccine exposure to light can maintain vaccine stability.
Standard 4-Approprlate Quantities of Vaccine
If vaccines are ordered in large quantities, a risk may exist for significant loss in the event of an emergency. Vaccine inventory control is a critical element of vaccine quality management. A vaccine inventory should be conducted monthly and vaccine stock limited. The following formula is recommended for determining the required vaccine quantity: the amount used since the last order minus the amount on hand plus 10% of the quantity used since the last order. The latter value serves as a buffer of reserve stock. Vaccines are expensive; decreasing vaccine waste and controlling vaccine inventory can minimize the loss should the worst happen. Every occupational health clinic needs a written routine vaccine storage and handling plan. This should contain up-to-date contact information for primary and backup vaccine coordinators respons ible for routine vaccine storage and handling ; the state or local health department immunization program; the manufacturers of vaccines in the clinic inventory; the refrigerator and freezer maintenance and repair companies; the vaccine storage and alarm unit, if applicable; and the sources of packing materials and certified calibrated thermometers. The roles and responsibilities of the primary and alternate vaccine coordinators should be described. Storage requirements for each vaccine and diluent in the clinic inventory should be summarized. Instructions should exist regarding monitoring the temperature of the vaccine storage unit, maintaining vaccine storage equipment, correctly placing vaccine within storage units, responding to vaccine storage and handling problems, managing vaccine inventory, properly disposing of vaccine and supplies, and transporting and receiving vaccine. Policies must exist for preparing vaccine for administration. Samples of forms used in the vaccination program should be available to clinic staff.
All staff who administer or handle vaccines in any capacity should be familiar with the routine vaccine storage and handling plan. It should be in an easily accessible location near the vaccine storage units. The Centers for Disease Control and Prevention (2007) offers a detailed resource for preparing clinic vaccine handling and storage plans.
CONCLUSION
Occupational health nurses should adhere to the five rights of vaccine handling and storage. Clinics must have the right people in charge of vaccine management using the right procedures to maintain the cold chain. Occupational health nurses must ensure that the right vaccine storage unit is available (refrigerator or freezer), the right thermometer is being used, and vaccine is being stored at the right temperature. If these five rights are adhered to, vaccines will maintain their efficacy and prevent disease.
